Introduction
This summary reviews the southern hemisphere and equatorial climate patterns for spring 2013, with particular attention given to the Australasian and Pacific regions. The main sources of information for this report are analyses prepared by the Bureau of Meteorology's National Climate Centre and the Centre for Australian Weather and Climate Research (CAWCR).
Pacific and Indian Basin climate indices
Southern Oscillation Index Troup Southern Oscillation Index 1 (SOI) for the period January 1 The Troup Southern Oscillation Index (Troup 1965) used in this article is ten times the standardised monthly anomaly of the difference in MSLP between Tahiti and Darwin. The calculation is based on a sixtyyear climatology . The Darwin MSLP is provided by the Bureau of Meteorology, and the Tahiti MSLP is provided by Météo France inter-regional direction for French Polynesia.
2009 to March 2014 is shown in Fig. 1 , together with a fivemonth weighted moving average. The SOI was weakly positive for September (+3.9), mildly negative for October (-1.9) and positive for November (+9.2), with spring remaining within the neutral range with an average value of +3.7. Spring 2012 had an average SOI of +3.0 (Reid et al., 2012) with the 2013 spring SOI slightly higher than the previous spring. The spring mean sea level pressure (MSLP) values for Darwin were below average with 1010.0 hPa (average of 1010.5 hPa) and slightly above average for Tahiti with 1013.3 hPa (compared to the average of 1013.2 hPa). The monthly anomalies for Darwin in September, October and November were -0.4, 0.0 and -1.1 hPa respectively, and for Tahiti, +0.2, -0.3 and +0.3 hPa respectively.
Composite monthly ENSO index (5VAR) // MEI 5VAR 2 is a composite monthly ENSO index, calculated as the standardised amplitude of the first principal component of atmospheric and oceanic parameters calculated as a two-month mean. As with 5VAR, significant negative anomalies in the MEI are usually associated with La Niña and, conversely, significant positive anomalies indicate El Niño. Monthly MEI values for spring 2013 were -0.19 (August-September), +0.094 (September-October) and -0.093 (October-November) with an average spring value of -0.063, representing neutral ENSO conditions.
Outgoing long-wave radiation Outgoing long-wave radiation (OLR) in the equatorial Pacific is a good indicator of changes in tropical convection patterns, with a general reduction in OLR (convection is enhanced) along the equator during an El Niño event, particularly near and east of the Date Line, whilst OLR is often increased (convection is supressed) along the equator during a La Niña, particularly near and west of the Date Line. Fig. 3 ). Base period is 1979-2000. The mapped region extends from 40°S to 40°N and from 70°E to 180°E. anomalies is shown in Fig. 4 . The MJO was relatively inactive for around 40 days from July to mid-August. The MJO was active in phase one during late August before losing strength as it moved into phase two in early September. The MJO strengthened again from mid-September as it moved from the Maritime Continent into the Western Pacific (phases five and six). Activity from early October until the end of November generally fell within the circle defined as weak MJO activity, except for a short period of stronger activity in phases eight and one during the last days of October and first days of November. The phase-space representation of the MJO index for spring 2013 is shown in Fig. 5 .
Indian Ocean Dipole
The Indian Ocean Dipole (IOD) is the difference between the SSTs in the western (50°E to 70°W and 10°S to 10°N) and eastern (10°S to 0°N) equatorial Indian Ocean. The index is called the Dipole Mode Index (DMI), first described by Saji et al. (1999) . A positive IOD is characterised by coolerthan-normal water in the tropical eastern Indian Ocean and warmer-than-normal water in the tropical western Indian Ocean. While a negative IOD is characterised by warmerthan-normal water in the tropical eastern Indian Ocean and warmer-than-normal water in the tropical western Indian Ocean. A positive IOD SST pattern has been shown to be associated with a decrease in rainfall over parts of central and southern Australia in austral winter and spring, whereas a negative IOD SST pattern is associated with higher rainfall.
Following a negative IOD event over the preceding winter, neutral values of the IOD prevailed during spring 2013. This followed the typical pattern in which an IOD event usually starts around May or June and peaks between during spring 2013 over northern Australia along with areas in southern Australia. Supressed convection (positive OLR anomalies) was observed over central and east-central Australia, across the Indian Ocean and the equatorial Pacific Ocean. Anomalous positive values of the OLR were observed over the Antarctic region (Fig. 3(b) ) for spring as well.
Standardised monthly anomalies 6 of OLR computed by the Climate Prediction Center, Washington, for an equatorial region ranging from 5°S to 5°N are calculated for September (+0.4), October (+0.2) and December (+0.8), with a spring average of +0.5.
The evolution of tropical convection anomalies along the equator with time is illustrated by the time-longitude section of daily-averaged OLR anomalies in Fig. 4 .
Madden-Julian Oscillation
The Madden-Julian Oscillation (MJO) is a tropical atmospheric anomaly which develops in the Indian Ocean and propagates eastwards into the Pacific Ocean (Donald et al. 2004) . It takes approximately 30 to 60 days to reach the western Pacific, with a frequency of six to 12 events per year (Donald et al 2004) . Tropical convective rainfall is associated with an active phase of the MJO. A description of the MJO index and the associated phases can be found in Wheeler and Hendon (2004) .
The time-longitude section of daily-averaged OLR 6 Obtained from www.cpc.ncep.noaa.gov/data/indices/olr. 
Oceanic patterns
Sea surface temperatures SST anomalies were obtained from the US National Oceanic and Atmospheric Administration (NOAA) Optimum Interpolation analyses (Reynolds et al. 2002) . The base period is 1981-2010. Global SST anomalies for spring 2013 are shown in Fig. 7 (a). Warm anomalies were present across the central southern Indian Ocean and along the equatorial region of the Indian Ocean. During spring, below-average SSTs were observed over the eastern half of the Pacific, although near-average SSTs were observed across most of the tropical Pacific during the middle of October. Spring SST deciles for the Australian region are shown in Fig. 7 (b). Spring sea surface temperatures were above average around Australia, with those observed along the coast of the southern mainland the highest on record for spring. Large positive anomalies were also present on the east coast of Australia, and to a lesser extent along most of northern Australia, with some small areas with the highest on record in the western Gulf of Carpentaria. central and eastern Pacific were negative in September, and sub-surface temperatures remained cooler than average in the far eastern equatorial Pacific sub-surface into November.
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Surface analyses
The MSLP pattern for spring 2013 is shown in Fig. 10 , computed using data from the 0000 UTC daily analyses of the Bureau of Meteorology's Australian Community Climate and Earth System Simulator (ACCESS) model 9 . The MSLP anomalies are shown in Fig. 11 , relative to the 1979-2000 climatology obtained from the National Centers for Environmental Prediction (NCEP) II Reanalysis data (Kanamitsu et al. 2002) . The MSLP anomaly field is not shown over areas of elevated topography (grey shading).
The spring 2013 pattern of MSLP was zonal at mid-to high-latitudes, with the strongest high pressure systems forming around 30°S. The strongest centres were located at 80°E over the central Indian Ocean with 1021.2 hPa and at 90°W with 1024 hPa. The lowest pressure measured 977.9 hPa over Antarctica between 150°W and 90°W.
Anomalously high pressure at mid-latitudes was evident between 130°W and 90°W. The highest anomaly in the southern hemisphere during spring 2013 fell within this band with 7.05 hPa above the long term average around 120°W and a broader region of anomalous high pressure 5.00 hPa above average stretching around West Antarctica. Most of Australia was under weak anomalously high pressure, with the highest anomaly of 2.36 hPa occurring over the Northern Territory, while much of the southern Indian Ocean between 110°E and 30°E and 30°S to 60°S recorded negative pressure anomalies, with the lowest 4.62 hPa below average.
Sub-surface patterns
The Hovmöller diagram for the 20 °C isotherm depth anomaly along the equator for January 2011 to November 2013 was obtained from the TAO Project Office 7 , and is shown in Fig. 8 . The 20 ºC isotherm depth is generally located close to the equatorial thermocline, which is the region of greatest temperature gradient with depth, and is the boundary between the warm near-surface and cold deep-ocean waters. The measurements of the 20 ºC isotherm make a good proxy for the thermocline depth, with positive (negative) anomalies correspond to the 20 ºC isotherm being deeper (shallower) than average. A shallow thermocline depth results in more cold water available for upwelling, and therefore a potential cooling of surface temperatures. Figure 8 shows positive anomalies emerged east of the Date Line in mid-September, and continued to gradually warm into November. However, temperatures in subsurface of the eastern Pacific remained close to neutral until warming somewhat in late spring.
Sub-surface temperature anomalies along the equator (in the area 2ºS to 2ºN) for January 2011 to November 2013 are shown in Fig. 9 . Sub-surface temperatures in the western Pacific were generally warmer than average for the first two months of spring, and slightly warmer than those observed in the same area for spring 2012. Some eastward progression of warm sub-surface temperature anomalies can be seen across the three spring months, with temperatures near the Date Line warming slightly in October and further into the central Pacific in November. Anomalies in most of the 7 Hovmöller plot obtained from www.pmel.noaa.gov/tao/jsdisplay 
Southern Annular Mode
The Southern Annular Mode (SAM), refers to the shift in the location of the belt of strong westerly winds in the midto-high latitudes of the southern hemisphere, with positive (negative) phases of SAM typically associated with negative (positive) anomalies in mid-latitudes. A poleward contraction (equatorward expansion) of the belt of westerly winds is a result of positive (negative) phases of SAM. A strongly negative phase of SAM in late winter and spring (including the lowest August-October value of the SAM index since 1988), saw a shift in weather patterns as the subtropical ridge shifted further northwards, generating a westerly flow over southern Australia and enhancing rainfall in coastal areas exposed to the westerly winds. The negative phase of SAM continued to October, and returned to weak negative values by the end of spring. Further north, these westerlies produced hot and very dry conditions in New South Wales and Queensland.
The Climate Prediction Center produces a standardised monthly SAM index (Climate Prediction Center 2010)
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; the September value was -1.66, October -0.46 and November +0.189. The September value was the lowest for any month during 2013. 
Mid-tropospheric analyses
The 500 hPa geopotential height, which is a good indicator of the steering of surface synoptic systems across the southern hemisphere (measured in gpm), for spring 2013 is shown in Fig. 12 . Figure 13 illustrates the associated anomalies. The spring 500 hPa geopotential height field in the southern hemisphere high-latitudes were characterised by zonal flow. The pattern of geopotential height anomalies are similar to the MSLP observations, however much larger positive anomalies were present at latitudes greater than 60°S at 500 hPa than at mean sea level, with a large positive anomaly of 154 gpm centred over Antarctica. Much of Australia (except Tasmania) was in an area of mildly positive high pressure, though mid-latitudes featured a large negative anomaly centred between 60°W and 30°W reaching more than +60 gpm. a northward shift in the sub-tropical ridge, resulting in enhanced rainfall in the southern part of Western Australia, the exposed coastal strip along the coast of Victoria and parts of Tasmania. Southern Western Australia recorded above-average rainfall with the majority of the region's rain falling in September, while numerous thunderstorms throughout October brought above-average rainfall across the northwest. Tropical cyclone Alessia was the first storm in the Australian region for the 2013-14 tropical cyclone season. The system tracked just north of the Kimberley coast and made landfall near Daly River Mouth in the Northern coast of Australia and stronger westerlies across most of the Southern Ocean, particularly near the Australian coast. Anti-cyclonic wind bursts were observed over mainland Australia and strong westerlies in the mid-latitude eastern Pacific reaching northern Chile.
Australian region
Rainfall Australian spring rainfall totals for 2013 are shown in Fig. 16 and spring 2013 deciles are shown in Fig. 17 . The deciles are calculated with respect to gridded rainfall data for all spring periods between 1900 and 2013.
Averaged across Australia, spring rainfall was five per cent below the 1961-1990 average of 72 mm (see Table 1 ). Spring was particularly dry across the interior and inland of the eastern States, including New South Wales west of the Great Dividing Range, western and southern Queensland, and the southern half of the Northern Territory and most of South Australia, with these areas recording belowaverage rainfall. State-wide, rainfall for South Australia was 13 mm (55 per cent) below average and 31 mm (31 per cent) below average in New South Wales. More than half of South Australia recorded rainfall in the lowest ten per cent of records and for the State as a whole, spring rainfall was the thirteenth-lowest on record. Just under one per cent (0.78 per cent) of Australia recorded its lowest rainfall on record, 6.8 per cent was in severe deficiency (lowest five per cent of spring records) and 19.3 per cent of the country was in the lowest decile (driest ten per cent of spring records).
In contrast, Tasmania and the tropical north, southwest Western Australia along with eastern Western Australia, the southeast mainland received above-average rainfall in spring. The area-averaged totals for Tasmania, Western Australia and the Northern Territory were 33 per cent, 27 per cent and nine per cent above the 1961-1990 mean respectively. An area totalling 0.15 per cent of Australia had its highest spring rainfall on record. Regionally, 0.23 per cent of the Northern Territory, 0.43 per cent of Queensland and 1.81 per cent of Tasmania received record-high spring rainfall.
Negative SAM values in September and October saw Rainfall deficits for the 14-month (October 2012 to November 2013 showed serious to severe deficiencies (lowest ten per cent and five per cent of records) were in place for much of central and western Queensland and the adjacent New South Wales border region.
The longer-term deficiencies for the 20-month (April 2012 to November 2013) period showed serious to severe deficiencies between Geraldton and Shark Bay on the west coast of Western Australia, across parts of the Nullabor Territory. This saw an early start to the northern wet season at the end of November, and contributed to the aboveaverage spring rainfall across the Kimberley region, through the Top End and Cape York Peninsula.
Drought
The rainfall deficiencies for the 14-month and 20-month period ending in November 2013 are shown in Fig. 18 and 19 respectively. Table 2 . Percentage areas in different categories for spring 2013 rainfall. 'Severe deficiency' denotes rainfall at or below the 5th percentile. Areas in 'decile 1' include those in 'severe deficiency', which in turn include those which are 'lowest on record'. Areas in 'decile 10' include those which are 'highest on record'. Percentage areas of highest and lowest on record are given to two decimal places because of the small quantities involved; other percentage areas to one decimal place. Plain, a large area encompassing most of far northern South Australia, the southeastern Northern Territory and southwestern Queensland, and across eastern Australia west of the Great Dividing Range from northwestern Victoria well into southern Queensland. Table 3 shows the percentage areas of maximum temperatures in different categories for spring 2013, including lowest and highest on record. Twenty-eight per cent of Australia had record-high maximum temperatures in spring. Around 47 per cent of Queensland was the highest on record, with a similar area in the Northern Territory also having record-high spring maxima. Nearly 82 per cent of Australia had very-much-above-average maximum temperatures in spring.
Region Lowest on record
Maximum temperatures were highest on record for a broad area extending from the central west of Western Australia through the central interior and into western and southern inland Queensland and northern border areas of New South Wales, and a small area of the east coast north of Newcastle. They were near-average through Tasmania, southwestern Victoria and southeastern South Australia, and above to highest on record over the rest of Australia. Figure 21 shows spring 2013 minimum temperature deciles, and minimum temperature deciles calculated using monthly temperature analyses from 1911 to 2013.
Spring 2013 was the warmest on record for maximum temperatures for Australia as a whole. Both Queensland and the Northern Territory also had record high maxima. New South Wales, South Australia and Western Australia had their third warmest maximum temperatures on record. Table 4 shows the summary of the seasonal maximum temperature, ranks and extremes on a national and State basis for spring 2013. The ranking in the last column goes from 1 (lowest) to 104 (highest).
The maximum temperature anomaly for Australia was +2.06 °C, surpassing the previous 2006 record by 0.23 °C. Queensland had an anomaly of +2.04 °C, and the Northern Territory had an anomaly of +2.01 °C, both record-warmest spring maxima. New South Wales, South Australia and Western Australia were all third-warmest on record, with anomalies of +2.75 °C, +2.56 °C and +1.58 °C respectively. including areas of above (and below) to very much above (and below) average, highest and lowest on record. Minimum temperatures were above average for Australia as a whole, and the fourth-highest on record with an anomaly of +1.07 °C. Western Australia had its third-warmest spring minima on record (1.12 °C above average), Queensland had its fifth-warmest (1.22 °C above average) and the Northern Territory with its sixth-warmest and an anomaly of +1.35 °C. Table 5 shows the summary of the seasonal minimum temperature, ranks and extremes on a national and State basis for spring 2013. The ranking in the last column goes from one (lowest) to 104 (highest). Table 3 shows the percentage areas of minimum temperatures in different categories, including lowest and highest on record for spring 2013. Area-averaged, around 2.5 per cent of Australia had record-warm spring minima. Over six per cent of South Australia, three per cent of Western Australia and two per cent of Queensland also had record-high minimum temperatures.
Minimum temperatures were above to very much above average across the Northern Territory, most of Western Australia and Queensland, western and southeastern South Australia, southern Victoria, parts of far western and coastal New South Wales and Tasmania. Northern Victoria, the remainder of New South Wales and eastern South Australia recorded near-average minima. Below-average minima were recorded in a large area covering the South West Slopes district in New South Wales and a small area in near Port Augusta in South Australia. Figure 23 illustrates the spatial distribution of spring 2013 minimum temperature deciles, including areas of average to very much above average, and highest on record.
